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IN THE CLAIMS: 

This listing of claims will replace all prior versions, and listings, of claims in the 
application: 

1. {Currently Amended): A control system that controls a position of a mass by 
applying a control force to said mass in accordance with a desired mass acceleration, said 
control system comprising: 

a first input that receives a signal based on a desired position of said mass; 

a second input that receives a feedback signal indicative of an actual position of said 

mass; 

a comparator unit configured to determine a signal indicative of a difference between 
said desired mass position and said actual mass position; 

a control unit configured to produce a signal indicative of said control force based on 
said signal indicative of the difference between said desired mass position and said actual 
mass position; 

an estimator unit configured to calculate an estimated relation between said signal 
indicative of said control force and status information of said mass and generate an estimated 
mass signal - said status information comprising an indication of at least one of a position of 
said mass, a velocity of said mass, and an acceleration of said mass; and 

a third input that receives a feed-forward signal indicative of said desired mass 
acceleration , as modified bv said estimated mass signal, and adds the feed-forward signal to 
the signal indicative of said control force[[, ]] to determine the control force that achieves the 
desired mass acceleration. 

wh e rein said control system determine s said control force based on said estimated 
relation and said desired mass acc e leration. 

2. (Original): The control system of Claim 1, wherein said estimator unit calculates 
said estimated relation in accordance with a least-squares method. 

3. (Original): The control system of Claim 2, wherein said control system is 
configured to remove an offset of said control force. 
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4. (Original): The control system of Claim 3, wherein further comprising a high-pass 
filter to remove said control force offset. 

5. (Original): The control system of Claim 1, wherein said estimated relation 
comprises an estimated mass. 

6. (Original): The control system of Claim 5, wherein said estimator unit calculates 
said estimated mass by: 

1=1 

m = — 

where: 

m - estimated mass 

a, (/ = 1, 2, 3, 4, n) is an acceleration sample. 
ft (i = 1, 2, 3, 4, «) is a control force sample. 
A is a forgetting factor. 

7. (Original): The control system of Claim 6, wherein said control system is 
configured to calculate at least one of an estimated velocity coefficient, an estimated jerk 
coefficient, and an estimated snap coefficient from said feedback position signal. 

8. (Original): The control system of Claim 7, wherein said at least one of said 
estimated velocity coefficient, said estimated jerk coefficient, and said estimated snap 
coefficient are used to determine said control force. 

9. (Original): The control system of Claim 1, wherein said estimated relation 
comprises estimated filter coefficients that characterize said mass acceleration and said 
control force. 

10. (Original): The control system of Claim 9, further including a transfer function 
unit that characterizes said desired mass acceleration. 
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11. {Withdrawn): A lithographic apparatus comprising: 
a radiation system for providing a beam of radiation; 

a support structure for supporting a patterning device, said patterning device serving 
to pattern said beam of radiation according to a desired pattern; 
a substrate holder for holding a substrate; 

a projection system for projecting said patterned beam onto a target portion of said 
substrate; 

a control system to control a position of a movable object associated with said 
lithographic apparatus by applying a control force to said movable object in accordance with 
a desired mass acceleration, said movable object comprising at least one of said support 
structure and said substrate holder, said control system comprising: 

a first input that receives a signal based on a desired position of said movable object; 

a second input that receives a feedback signal indicative of an actual position of said 
movable object; 

a comparator unit configured to determine a signal indicative of a difference between 
said desired movable object position and said actual movable object position; 

a control unit configured to produce a signal indicative of said control force based on 
said difference between said desired movable object position and said actual movable object 
position; 

an estimator unit configured to calculate an estimated relation between said control 
force and status information of said movable object, said movable object status information 
comprising an indication of at least one of a position of said movable object, a velocity of 
said movable object, and an acceleration of said movable object; and 

a third input that receives a feed-forward signal indicative of said desired movable 
object acceleration, 

wherein said control system determines said control force based on said estimated 
relation and said desired movable object acceleration. 

12. (Withdrawn): The lithographic apparatus of Claim 11, wherein said estimator 
unit calculates said estimated relation in accordance with a least-squares method. 

13. (Withdrawn): The lithographic apparatus of Claim 12, wherein said control 
system is configured to remove an offset of said control force. 
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14. (Withdrawn): The lithographic apparatus of 13, wherein further comprising a 
high-pass filter to remove said control force offset. 

15. (Withdrawn): The lithographic apparatus of 11, wherein said estimated relation 
comprises an estimated mass of said movable object. 

16. (Withdrawn): The lithographic apparatus of 15, wherein said estimator unit 
calculates said estimated mass by: 

" __ i-l 

m = 

where: 

m = estimated mass 

at (i = 1, 2, 3, 4, . . ., n) is an acceleration sample. 
ft (/ = 1, 2, 3, 4, . . n) is a control force sample. 
A is a forgetting factor. 

17. (Withdrawn): The lithographic apparatus of 16, wherein said control system is 
configured to calculate at least one of an estimated velocity coefficient, an estimated jerk 
coefficient, and an estimated snap coefficient from said feedback position signal. 

18. (Withdrawn): The lithographic apparatus of 17, wherein said at least one of said 
estimated velocity coefficient, said estimated jerk coefficient, and said estimated snap 
coefficient are used to determine said control force. 

19. (Withdrawn): The lithographic apparatus of Claim 11, wherein said estimated 
relation comprises estimated filter coefficients that characterize said mass acceleration of said 
movable object and said control force. 

20. (Withdrawn): The lithographic apparatus of Claim 19, further including a 
transfer function unit that characterizes said desired mass acceleration of said movable object. 
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21. {Currently Amended): A method of controlling a position of a mass by applying 
a control force to said mass in accordance with a desired mass acceleration, said method 
comprising: 

determining information indicative of a difference between a desired mass position 
and an actual mass position; 

producing information indicative of said control force based on said information 
indicative of the difference between said desired mass position and said actual mass position; 

obtaining status information of said mass indicative of at least one of said position of 
said mass, a velocity of said mass, and an acceleration of said mass; 

calculating an estimated relation between said control force and said mass status 
information and generating estimated mass information ; 

providing feed-forward information indicative of said desired mass acceleration and 
modifying the feed forward information with the estimated mass information; 

adding the modified feed-forward information to the control force information[[;]] to 
determine the control force to achieve the desired mass acceleration, and 

d e t e rmining said control force based on said e stimated r e lation and said d e sired mass 
acc e l e ration, 

22. {Original)'. The method of Claim 21, wherein said estimated relation is 
calculated in accordance with a least-squares method. 

23. {Original): The method of Claim 22, wherein said estimated relation comprises 
an estimated mass. 

24. {Original): The method of Claim 23, wherein said estimated mass is calculated 
in accordance with: 

m = 

2>-<(a,.) 2 

i=l 

where: 

m = estimated mass 

a, (/ = 1, 2, 3, 4, n) is an acceleration sample. 
ft (/ = 1, 2, 3, 4, . . n) is a control force sample. 
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25. (Original): The method of Claim 21, further including removing an offset of said 
control force. 

26. (Original): The method of Claim 21, further including calculating at least one of 
an estimated velocity coefficient, an estimated jerk coefficient, and an estimated snap 
coefficient from said feedback position signal. 

27. (Original): The method of Claim 21, wherein said estimated relation comprises 
calculating estimated filter coefficients that characterize said mass acceleration and said 
control force. 

28. (Original): The method of Claim 27, further including characterizing said 
desired mass acceleration based on a corresponding transfer function. 

29. (Withdrawn): A device manufacturing method comprising: 

providing a substrate that is at least partially covered by a layer of radiation-sensitive 
material, said substrate being held by a substrate holder; 
providing a beam of radiation; 

configuring said beam of radiation with a desired pattern along its cross-section, said 
desired pattern provided by a patterning device supported by a support structure; 

projecting said patterned beam of radiation onto a target portion of said layer of 
radiation-sensitive material; and 

controlling a position of at least one of said substrate holder and said support structure 
by applying a control force to said at least one of said substrate holder and said support 
structure in accordance with a desired acceleration, wherein said position control comprises: 
determining information indicative of a difference between a desired position 

of said at least one of said substrate holder and said support structure and an actual 

position of said at least one of said substrate holder and said support structure; 

producing information indicative of said control force based on said difference 

between said desired position of said at least one of said substrate holder and said 
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support structure and said actual position of said at least one of said substrate holder 
and said support structure; 

obtaining status information of said at least one of said substrate holder and 
said support structure indicative of at least one of said position of said at least one of 
said substrate holder and said support structure, a velocity of said at least one of said 
substrate holder and said support structure, and an acceleration of said at least one of 
said substrate holder and said support structure; 

calculating an estimated relation between said control force and said status 
information; and 

determining said control force based on said estimated relation and said 
desired acceleration. 

30. (Withdrawn): The device manufacturing method of Claim 29, wherein said 
estimated relation is calculated in accordance with a least-squares method. 

31. (Withdrawn): The device manufacturing method of Claim 30, wherein said 
estimated relation comprises an estimated mass of said at least one of said substrate holder 
and said support structure. 

32. (Withdrawn): The device manufacturing method of Claim 31, wherein said 
estimated mass is calculated in accordance with: 

* = ^- n 

IX'(«,) 2 

where: 

m = estimated mass 

a, (i = 1, 2, 3, 4, ., n) is an acceleration sample. 
fi (/ = 1 , 2, 3, 4, . . n) is a control force sample. 
X is a forgetting factor. 

33. (Withdrawn): The device manufacturing method of Claim 29, further including 
removing an offset of said control force. 
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34. {Withdrawn)'. The device manufacturing method of Claim 33, further including 
calculating at least one of an estimated velocity coefficient, an estimated jerk coefficient, and 
an estimated snap coefficient from said feedback position signal. 

35. {Withdrawn): The device manufacturing method of Claim 29, wherein said 
estimated relation comprises calculating estimated filter coefficients that characterize said 
desired acceleration and said control force. 

36. {Withdrawn): The device manufacturing method of Claim 35, further including 
characterizing said desired acceleration based on a corresponding transfer function. 
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